Population growth near protected areas threatens
Introduction
P rotected areas are a cornerstone of global conservation strategies (Stoner et al., 2007; Gaston et al., 2008) but their effectiveness is threatened by the intensification of land use in surrounding areas, which isolates the protected areas and damages their ecological function . These issues were brought to scientific, political and media attention by Wittemyer et al. (2008) , who showed that immigration to the areas immediately surrounding protected areas was higher than the rural mean in many countries in South America and Africa. Although this analysis has been criticized based on the suitability of the datasets used (Joppa et al., 2009) , it highlighted the potential damage to protected areas caused by high rates of settlement. Direct damage can be inflicted on a protected area by increases in activities such as timber extraction, hunting and land clearance for agriculture, all of which can have negative effects on wildlife populations (Brashares et al., 2001; Fritz et al., 2003; Metzger et al., 2010; Estes et al., 2012) . Indirect damage can also be inflicted by land-use changes outside the protected area that alter the wider ecosystem . Given this potential for detrimental effects there is a need to understand the mechanisms of human migration to protected areas. Wittemyer et al. (2008) hypothesized that local population growth is attributable to the economic benefits derived from investment in protected areas but this idea has also been criticized (Hoffman et al., 2011) because it is unclear whether communities benefit economically from proximity to a protected area (Foerster et al., 2011; Hartter & Goldman, 2011; Estes et al., 2012) . Several alternative models of immigration to protected areas have been proposed (Oglethorpe et al., 2007; Scholte & De Groot, 2010) , including frontier engulfment, whereby a population settles on clear land around the protected area as they move away from more densely populated regions. To clarify the issue more real-world examples of immigration to protected areas are required along with information on the reasons for the immigration and the benefits that may be provided by the protected area, such as income or natural resources.
Forced migration when a protected area is established can lead to displaced and hostile populations living on the protected area boundary (Davis, 2011) . Many National Parks and Game Reserves in Tanzania were created in this way and were managed centrally, with few rights awarded to local people (Nelson et al., 2007) . The Tanzanian government has attempted to rectify this situation by introducing community-managed conservation programmes around the many protected areas. These take the form of Wildlife Management Areas, where village land is set aside for wildlife management and only sustainable use of natural resources is permitted (Songorwa, 1999; Nelson et al., 2007) . Many such areas were created as buffer zones to existing protected areas and can contain significant biodiversity (Stoner et al., 2007; Shahabuddin & Rao, 2010) , including charismatic large mammals (Caro, 1999a ) that can generate income through tourism (Nelson et al., 2007) . These buffers were intended to benefit the community by providing income from natural resources and to benefit the protected areas by reducing poaching and local opposition (Songorwa, 1999; Nelson et al., 2007) . By providing economic benefits to communities these schemes can provide the incentives that Wittemyer et al. (2008) hypothesized would cause immigration to an area.
An early example of such a scheme was the Selous Conservation Programme (Songorwa, 1999) , started in 1989 by the government of Tanzania. Wildlife Management Areas were established in villages bordering the Selous Game Reserve, the largest protected area in the country. In an effort to reduce poaching, hunting quotas were set and were to be fulfilled by game scouts appointed by village councils, and the scheme was to be funded by the sale of game meat. Although poaching within the Reserve was reduced the community aspect of the programme failed to generate the expected benefits and local people rapidly lost interest (Songorwa, 1999) . Unrealistic expectations, perceived high costs and corruption all contributed to the failure of the programme (Songorwa, 1999) . It was not replaced by an alternative and many of the landmanagement plans remain in place. Community wildlife management programmes elsewhere have since been refined but still attract criticism, not least because the management of wildlife resources has become more centralized (Nelson et al., 2007) . Nonetheless community conservation schemes can work if managed correctly.
Involvement of local stakeholders is essential for effective natural resource management (Ostrom, 1990; Borrini-Feyerabend, 2011) , especially when it comes to allocating rights, responsibilities and access to land and resources (Sen, 1983) . In rural areas in developing countries participatory land-use planning has been used to mitigate human-wildlife conflict, protect ecosystems from overexploitation and as guidance for sustainable livelihoods in natural-resource dependent communities (Valencia-Sandoval et al., 2010) . Engaging communities to participate in land-use planning depends on entrenched attitudes to wildlife as well as the perceived benefits of land-use plans that incorporate environmental protection (Songorwa, 1999) . The perceived benefits of protection must exceed the benefits of non-protection (Ostrom, 1990; Songorwa, 1999; Hemson et al., 2009) , otherwise a negative attitude to conservation measures can result (Sarker & Røscaft, 2011) . For example, although income from hunting and photographic safaris in Tanzania can be substantial (Nelson et al., 2007) , the industry is often managed by foreign companies granted concessions to operate on set blocks of land, and profits go to the national government rather than the local communities. Officially, 25% of this income should be returned to the communities but this often does not happen (Nelson et al., 2007) . Contractual schemes in which money is paid directly to communities are more often successful (Sachedina & Nelson, 2010) .
There is little information on how communities use the natural resources in the areas they have been allocated to manage, or on the effects that human activity may have on the wildlife in these areas. Assessing wildlife abundance in snapshots can be misleading as large mammals are not always resident in an area year-round (Stoner et al., 2007) . To fully understand these issues humans and wildlife must be studied together over a prolonged period of time. Here we present a case study of a Wildlife Management Area on the boundary of the Selous Game Reserve, in a region that is undergoing annual population growth of 5% (Alba et al., 2010) . We used a combination of interviews and wildlife transects to assess the effect of immigration on the protected area. Our objectives were to investigate the causes of the immigration, the livelihoods of people living in proximity to the Wildlife Management Area, the presence of large mammals and whether they are resident or migratory, the benefits of the protected area in terms of income or resources, opinions on natural resource management, and the effect of human activity on wildlife.
Study area
The Kilombero Valley in southern Tanzania is the largest wetland in East Africa. It is a BirdLife Important Bird Area and a Ramsar site. It is home to several endemic bird species as well as 75% of the remaining puku Kobus vardoni in Africa (Hinde et al., 2001; Haule et al., 2002; Jenkins et al., 2002) . The valley consists of a fertile seasonal floodplain fringed by miombo woodland (Kato, 2007) and there has been a significant increase in agriculture in the area since 2003 (Kato, 2007) . The rainy season spans November-May but the majority of the rain falls at the end of the season (Kato, 2007) . Historically the dominant tribal groups in this area (Pogoro and Ndamba) were agriculturalists and did not keep cattle; cows only arrived with the immigration of predominantly Sukuma pastoralists from the north of Tanzania in the last decade. The Kilombero Valley is split into two administrative districts; this study was conducted in Ulanga District, which covers the southern half of the valley and borders the Selous Game Reserve (Fig. 1) .
Despite the perceived failure of the Selous Conservation Programme a similar project was started in Ulanga District in 1996, funded by the African Development Bank. Landmanagement plans were written for 10 of the 11 villages in the district that border the Selous, creating a Wildlife Management Area (880 km 2 ) as a buffer zone. These plans also designated large areas of land for commercial teak plantations. Our study area consisted of the most southern eight of these villages.
The villages lie along the road between the towns of Ifakara and Mahenge, which runs along the edge of the Kilombero floodplain ( Fig. 1) . East of the road is a mosaic of grassland and miombo woodland. The Wildlife Management Area starts c. 7 km east of the road and the boundary of the Selous Game Reserve is 20 km east of the road. Directly outside the Reserve the land is managed for recreational hunting. Hunting in the concessions and Wildlife Management Area is only permitted during July-December.
Annual population growth in the Kilombero Valley was 5% during 2004-2008 (Alba et al., 2010) , confirming the suggestion of Wittemyer et al. (2008) that high immigration occurs close to protected areas. According to figures given to us by the village councils (from the 2002 national census; National Bureau of Statistics, 2012) the total population of the eight villages in the study area was 18,716. The total area covered by the land-management plans is 855 km 2 , of which 70% is set aside for wildlife management.
Methods

Socio-economic data collection
To investigate livelihoods, the causes of immigration and usage of plant and wildlife resources we conducted interviews with 274 households during February-August 2010. We used a stratified opportunity sample (Bryman, 2012) to select interviewees and surveyed approximately the same number of households in each village. For the sampling unit we defined a household as a group of people living together and sharing economic resources. One member of each household was interviewed by a native Swahili speaker, with one of the researchers present. The structured interviews (Supplementary Material 1) lasted c. 30 minutes and consisted of both closed and open-ended questions. If a respondent gave more than one answer to an openended question they were asked to select the most important.
We also interviewed representatives of the eight village councils and Ulanga District Council. Village councils were represented by the chairman, the executive officer, or both. In the District Council we interviewed the District Wildlife Officer and District Forestry Officer. Interviews, again conducted by a native Swahili speaker in the presence of one of the researchers, were semi-structured and covered population increase, human-wildlife interactions, landmanagement plans and the planning process (focusing on the degree of village-level participation, information dissemination and implementation). 
Ecological data collection
To investigate which large mammal species were present and at what times of year, and the effect of human activities on those species, we monitored 24 transects, each 500 m in length, randomly placed within an area 7-14 km east of the main road. This area comprises land that is within the Wildlife Management Area but not within the hunting blocks. We surveyed each transect once in every 3-month period during 2008-2010. To determine the extent of human activity outside the Wildlife Management Area we surveyed 10 additional transects between the road and the edge of the Wildlife Management Area in 2010. All signs of large and medium mammals (the smallest mammals included were mongooses (Herpestidae) and cane rats Thryonomys swinderianus; signs included tracks and faeces) detected in a 2 m strip along the transect were recorded. By recording spoor rather than animal sightings we were able to record more species and give better estimates of species diversity (Silveira et al., 2003; Cromsigt et al., 2008) , as sightings of animals in forested and human-disturbed landscapes are infrequent (Caro 1999b; Jenkins et al., 2002) . We used strip transects in preference to Distance sampling because a component of our project was to train local people to undertake biodiversity monitoring and ultimately to take over responsibility for the monitoring. Therefore, we required a method of analysis that did not require computers to provide a usable index of large mammal activity. Additionally, strip transects are less likely to result in different detectability of signs between different habitat types.
Transects were divided into 20-m sections and tracks present in each section were recorded. To standardize data collection one trained game guard was always present to aid identification. For each transect we recorded a track score (the number of transect sections (out of 25) in which tracks were located) and a count of dung piles. Recording track data increases the likelihood of detecting a species but does not necessarily provide information on abundance (it is related to both abundance and activity levels; Jenkins et al., 2002) whereas dung counts are useful as estimates of abundance (Plumptre, 2000; Cromsigt et al., 2008) but only if sample sizes are large enough.
The extent of farming in the survey area was quantified as percentage land cover, using a combination of global positioning system mapping (conducted throughout 2010), where farms occurred at low density, and examination of Google Earth images (Google, 2011) . We plotted land cover in ArcMap v.10 (ESRI, Redlands, USA). Cows detected on transects were given a track score as for other large mammals. The area burned was quantified as percentage ground cover, recorded in 5 × 5 m quadrats at the end of each transect section, and a mean value was calculated for each transect.
Statistical analyses
All analyses of transect data were carried out in R v. 2.14.1 (R Development Core Team, 2012), using lme4. The unit of replication was a single 500 m transect. For analysis of temporal trends we used dung counts as the response variable in a log-linear mixed-effects model. The survey number was included as an explanatory variable and transect number as a random effect, to account for repeatedly surveying the same transects, which is a statistically powerful way of monitoring changes in abundance (Plumptre, 2000) . Survey numbers were aggregated to minimize the model's Akaike Information Criterion.
To analyse the effect of human activity on large mammals we used track and dung count data along with information on locations of farms, presence of cattle and the extent of burning. Three approaches were taken. Where dung counts for a species were large enough we used loglinear models, with the dung count as the response variable. For track data we used a logistical model in which the response variable was the number of sections (out of 25) on which tracks were recorded. Finally, for species where dung counts and track counts were too low for satisfactory analysis we used a simple presence/absence approach in a logistical model, the response variable being either 1 (species present on that transect) or 0 (species not present). For some species more than one method could be used, allowing comparison of results between methods. In all models transect number and survey number were fitted as random effects. As each transect was only surveyed once per survey, each observation was fitted with an independent intercept. Three explanatory variables were considered: the distance to the nearest farm, the track score for cows and the proportion of burnt ground. In each case we selected the model with the lowest AIC.
Results
Immigration
Almost a third of respondents (32%, n 5 274) were immigrants to the study area and 10.2% had migrated to the area within the previous year ( Table 1) . Sixty-one percent of pastoralists in the area (n 5 18) had moved there within the previous year ( Table 1) . The most commonly reported reasons for moving to the area were family reasons (47.6%), including marriage, to acquire land (35.7%) and for work (10.7%). The number of people immigrating for family reasons appears constant over time, whereas the number immigrating to acquire land appears to be increasing ( Table 1) .
Interviews revealed that all eight village councils were unsure of the exact populations of their villages. The decadal national census had not been completed effectively in the District and the level of immigration was unknown because village councils did not have the capacity to monitor settlement on their land. Likewise, the District Council lacked the resources to control immigration.
Livelihoods and natural resource management
Every respondent owned a farm (median size 3 ha, range 0.25-50 ha). Only 12% stated that they, or another member of the household, had alternative employment and a further 5% regularly received money from relatives. All other respondents were entirely dependent on their farms for subsistence. Farm labouring and selling crops were the most common income-generating activities and were generally done as needed to cover cash demands such as school fees or hospital expenses.
All the villages had land-management plans but only 10% of interviewees were aware of these. All eight village councils said that these plans were created to set aside land for teak plantations; none mentioned the Selous buffer zone. The village councils had not been consulted about the plans. Five councils stated that they had not seen the plans before implementation and that village boundaries were set without consultation. Three villages were engaged in disputes over compensation for land set aside for plantations. All eight councils stated they did not hunt and that this was done by the District Council. They also stated that they had not received game meat from the District Council for a number of years (2-4) and were unsure why this had stopped. According to the District Wildlife Officer the villages did not receive game meat because they failed to meet their obligations to protect the Wildlife Management Area.
Natural resources were considered important by the majority of respondents (78%) but wildlife specifically was considered important by only 20%. Nearly all respondents (97%) reported collecting plant material for construction, firewood or medicinal purposes and 61% collected at least some of this from the Wildlife Management Area. No respondents admitted to hunting. The number of snares discovered on transects in the Wildlife Management Area (eight in 2010) was too small for analysis. Large mammals were cited as the cause of crop losses, with bushpig Potamochoerus larvatus (35%), baboon Papio sp. (21%) and elephant Loxodonta africana (17%) blamed most frequently.
Most respondents (76%) stated that the area around their farm was burned every year but 54% did not know why. Reasons cited by other respondents were land clearance (19%), creating grazing for cattle (14%), and hunting (10%).
Large mammals and the effect of human disturbance
Twenty-nine species of large mammal (plus cows) were recorded over 3 years of monitoring (Supplementary Table 1 ), four of which were recorded only once. Nine species of antelope were recorded. Elephants and buffalo Syncerus caffer were the two most frequently recorded species. Species richness (r s 5 0.819, P 5 0.001) and diversity (r s 5 0.74, P 5 0.008) declined over 3 years.
There were four species for which dung counts were sufficient to estimate abundance. The abundance of buffalo and waterbuck Kobus ellipsiprymnus was consistent throughout the year. Dung counts for both species were negatively associated with rainfall and were low in the April-June survey, when rainfall was highest, but this may be attributable to more rapid decay of dung in the rain. Elephant and duiker Cephalophini spp. abundance peaked in July-September and October-December, respectively (Fig. 2) ; neither species appears to be resident year-round.
Encroachment into the Wildlife Management Area was low at the time of the study (Fig. 3) but adjacent land was filling rapidly. Burnt ground was recorded only in the October-December transect survey each year, during the dry season. Human activities were found to influence the spatial distribution of large mammal spoor ( Table 2) . In places where cows were present we found less evidence of several species of large-bodied grazing antelopes and of elephants but not of any browsing species (Table 2) . Conversely, close to farms we found more evidence of TABLE 1 The length of time survey respondents had lived in the study area (Fig. 1) , the type of agriculture used, and their reason for migrating.
Duration of residency
, 1 year 1-5 years 5-10 years . 10 years Lifetime Table 2) . There was more evidence of buffalo, reedbuck Redunca spp. and duiker in burnt areas and no species was less likely to be found in burnt areas than in other areas. The different methods of analysis yielded qualitatively consistent results.
Discussion
Immigration
Immigration to the area appears to be increasing. In the 1990s immigration rates were low; a survey in 1997 revealed that only 3.5% of 228 respondents were first-generation immigrants (Starkey et al., 2002) . Contrary to the hypothesis of Wittemyer et al. (2008) we found no evidence that the increased immigration is attributable to benefits from the protected area. The availability of land was the main motivation for migration in recent years. This could be perceived as migration to an economic opportunity, particularly because the land of the Kilombero Valley is fertile (Kato, 2007) , but the opportunity is unrelated to the presence of the protected area. The immigration fits the frontier engulfment model of Scholte & De Groot (2010) , whereby migrants move away from densely populated regions onto available land. The land surrounding the Selous Game Reserve was historically sparsely populated primarily because of disease. The forced Immigration to protected areas 509 migrations that cleared the land of people in the colonial era resulted in increased wildlife populations. A corresponding rise in tsetse fly numbers and the prevalence of sleeping sickness kept the land clear of people (Fjeldså et al., 2004) . Efforts to reduce the incidence of this disease since 2001 (Hotez & Kamath, 2009 ) have inadvertently facilitated uncontrolled migration into the Kilombero Valley. There are few authoritative obstacles to settlement or expansion of farms and the area of land used for agriculture is expanding (Kato, 2007) . Immigration to the area surrounding the Serengeti ecosystem in northern Tanzania has also been attributed to the availability of land for agriculture in a subsistence economy (Estes et al., 2012) . Thus there is no evidence linking migration to two of Tanzania's largest conservation areas with economic benefits relating to conservation, and land conversion may have detrimental effects on the protected areas .
Effects of human activity on wildlife
We observed detrimental effects of agriculture, pastoralism, burning and hunting on wildlife despite low levels of human activity within the Wildlife Management Area, although some positive effects were also observed. The presence of cows was associated with fewer signs of several species, which is of particular concern given the increase in immigration by pastoralists. In contrast, burning was associated with increased signs of several species, including duiker. However, a major aim of burning is to generate new plant growth for grazing by cattle. We detected signs of illegal hunting, including snares and gunshots, in the Wildlife Management Area but they were too infrequent to analyse. No one questioned admitted to hunting and most hunting in the area was probably within the quotas set when the buffer was established.
Agriculture was associated with more signs of some species but fewer signs of others, notably elephants. This part of the Kilombero Valley is thought to be an important elephant migration route (Jones et al., 2012) and our results confirm that elephants use the Wildlife Management Area on a seasonal basis. The negative influence of both pastoralism and agriculture on elephant distribution may be because farmers regard elephants as problem animals and chase them away from their land. Elephants generally pass through human-disturbed areas quickly, leaving few signs (Douglas-Hamilton et al., 2005) , but facilitating this 2 The effect of human disturbance on species of large mammal, with the type of spoor surveyed, whether farms, cows, and burning had positive or negative effects, and AIC values. For dung samples we used a log-linear regression of dung counts; for tracks we used a logistic regression in which the response was the number of transect sections (out of 25) in which tracks of that species were detected; for presence data we used a binomial regression in which the response equals 1 if any sign of that species was found on a transect. In all models transect number and survey number were included as random effects. The model with the lowest AIC (Akaike's information criterion) was selected in each case. + indicates a positive effect, − a negative effect.
Species
Spoor Although the level of human activity within the Wildlife Management Area was low at the time of our study the agricultural frontier is extending into the area and it is becoming apparent that there are no effective mechanisms in place to stop this. The detrimental effects will be exacerbated by increasing human population density (Brashares et al., 2001; and the Wildlife Management Area will become degraded. In the longer term the Selous Game Reserve itself may be affected. At this relatively early stage of encroachment effective conservation should be possible Scholte & de Groot, 2009 ) but the land-management plans do not appear to have been designed or implemented well enough to ensure this.
Natural resource management
A majority of residents were not aware of land-management plans that had been in place for over a decade. Village councils were unhappy with the process that led to the creation of the plans, claiming they were not consulted. The plans had two separate aims, the creation of the Wildlife Management Area and the creation of the teak plantations, both of which resulted in large losses of land for local people and from which they perceive few benefits. Our results suggest that the only benefits the local people receive from the Wildlife Management Area come from collection of limited natural resources, mainly wood and medicinal plants. They receive no income and no game meat. The presence of foreign-owned hunting companies is seen as a further imposition, as the villages receive no share of the hunting income (a common problem in Tanzania; Nelson et al., 2007) . The hunting companies deny that they are on village land and therefore claim that they are not legally obliged to support village development (Sachedina & Nelson, 2010) . Although local people receive compensation for loss of land to the teak plantations, they regard the payment as unfair because it is not commensurate with the area of land lost. As this is an area with a subsistence economy, land ownership is an important issue and there is a perception that village land has been stolen by foreign companies.
Our findings reiterate the importance of involving local stakeholders in natural resource management planning (Borrini-Feyerabend, 2011) and the dissatisfaction that arises in communities when the perceived benefits of conservation schemes are inadequate (Sarker & Røscaft, 2011) . Even where rural land-use planning is truly participatory (Mathbor, 2008) the quality of the plans and their successful implementation can pose significant challenges in achieving conservation and development aims (Songorwa, 1999; Masalu, 2000; Bourgoin, 2012) . In the case of our study site it is still possible to resolve these issues before the agricultural frontier encroaches heavily on the Wildlife Management Area . The positive effects of agriculture on some wildlife suggest the possibility of mixed-use areas to increase the land available for farming but this may exacerbate human-wildlife conflict (Estes et al., 2012) and it remains to be seen if these positive effects still occur when the density of farming is higher (Fritz et al., 2003) . Instead, reducing dependence on subsistence agriculture may be helpful. The abundant wildlife in the Wildlife Management Area could be the basis for sustainable tourism if the necessary infrastructure could be built, and this could provide jobs and income for local people (Nelson et al., 2007; Sachedina & Nelson, 2010) .
